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Optimization and Characterization of α-Amylase Produced by Raw Starch Degrading 
Fungi Isolate NSH9 Using Solid State Fermentation (SSF) of Agriculture Waste 
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Faculty of Science and Technology 
University Malaysia Sarawak 
ABSTRACT 
Amylase is one of the most important enzymes in industrial application. The study 
investigated the production and characterization of produced by NSH9 isolates under solid 
state fermentation. The study showed cassava was the best substrate for amylase inducer. 
The highest amylase production detected at 72 hours of incubation with enzyme activity is 
4.3170 IU/ml and the protein concentration was 0.0104 mg/ml. The best pH for amylase 
production was pH7.0 with 4.3170 IU/ml and 4.3170 IU/ml for 27°C of incubation 
temperature. The protein concentration for pH and temperature was 0.0104 mg/ml and 
0.0104 mg/ml. The enzyme was analyzed by using dinitrosalicyclic acid (DNS) assay 
method. The characteristic of enzyme activity was showed the highest activity at pH6 
(1.7325 IU/ml) and at 37°C (1.6998 IU/ml) after 10 minutes incubated with 1% (w/v) 





and Km is 679.86 mg ml
-1
. 
Key words: NSH9, amylase, DNS, enzyme activity, kinetic study. 
ABSTRAK 
Amilase merupakan salah satu enzim yang penting dalam aplikasi industri. Kajian ini 
menyelidik penghasilan dan sifat enzim amilase yang dihasilkan oleh kulat NSH9 yang 
boleh menguraikan kanji dengan menggunakan fermentasi dalam keadaan solid. Kajian 
menunjukkan ubi kayu merupakan penggalak terbaik untuk kulat menghasilkan enzim. 
Penghasilan enzim yang paling tinggi adalah pada 72 jam pemerapan (4.3170 IU/ml) 
dengan kepekatan protein 0.0104 mg/ml. pH yang paling sesuai untuk penghasilan 
amylase ialah pH7 dengan aktiviti enzim 4.3170 IU/ml dan kepekatan protein 0.0104 
mg/ml. Suhu 27°C pula menghasilkan aktiviti enzim sebanyak 4.3170 IU/ml dengan 
kepekatan protein 0.0104 mg/ml. Gula yang terhasil daripada proses fermentatsi dianalisis 
dengan menggunakan asid dinitrosalicyclic. Sifat enzim amilase yang yang dihasilkan 
telah menunjukkan aktiviti yang paling tinggi (1.6998 IU/ml) pada suhu 37°C selepas 20 
minit bertindak balas dengan 1% kanji. Manakala, enzim tersebut aktif dalam pH6 dengan 





dan Km ialah 679.86 mg ml
-1
.   







Amylases are generally classified into α-amylase, β-amylase and glucoamylase.  
Alpha amylase (α-amylase) or endo-1,4- α-D-glucan glucohydrolase (EC-3.2.1.1) 
randomly hydrolyze the 1,4-α-D-glucosidic linkage between the adjacent glucose unit in 
the linear amylase chain resulting released of short oligosaccharides, α-limit dextrin and 
glucose with α-anomeric configuration. Alpha amylase is important enzymes that 
applicable in starch processing for hydrolyzing polysaccharides into simple sugar 
constituent. This enzyme had significant in industrial application included 
saccaharification, starch processing, baking, glucose production, brewing, textile, 
detergent, paper industries, pharmaceuticals, glucose syrups and feed industries (Pandey et 
al., 2000, Ramachandran et al., 2004). 
Alpha amylases can be found widely included animal, plant, bacteria and molds. 
However, microorganism such as yeast, molds and bacteria become attention because of 
their potential in industrial application.  Raw Starch Degrading Enzyme (RSDE) such as α-
amylase had their capability in technological and economic benefits (Gupta et al., 2008) as 
the previous decade ago, industrial application choose to used chemical processing and yet, 
expensive. This subsequently, opens new potential of microorganisms as biotechnological 
source in biocatalyst industries for exploring the interest of industrial benefits.    
Described by Duochaun et al., (1997), comparison to the bacterial origin enzymes, 
the fungal amylase enzyme are more stable. Among the molds species which produce high 
level amylase production are within the Aspergillus spp. (Gupta et al., 2008) for example 
Aspergillus oryza, Aspergillus niger and others. Besides, Aspergillus spp. is chosen 
because of ubiquitous nature and non fastidious nutritional requirement (Abu et al., 2005; 
Gomes et al., 2005).   
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Several fermentation systems have been reviewed in order to produce high 
production of α-amylase for example, Submerged Fermentation (SmF) (Moreira et al., 
2001; Gupta et al., 2008; Rostami et al., 2008), Solid State Fermentation (SSF) 
(Ramachandran et al., 2004; Alva et al., 2007; Roses and Guerra, 2009; Murthy et al., 
2009) and modified Solid State Fermentation (mSSF) ( Bhanja et al., 2007).   
However, filamentous fungal have several advantage via SSF system which provide 
natural condition to microorganism. In the SSF, the fungal system are the obvious choice 
compared to bacterial, as the system required solid support matrices for their growth under 
the natural circumstances (Pandey et al,. 2008), which mean provided them with good 
environment and high production activity. The uses of agro-industrial residues input also 
beneficial in terms of lower cost, promote lower energy requirement, produce less 
wastewater and are environmentally friendly (Manpret at el., 2004). 
In this studies, Aspergillus spp. NSH9 candidate were experimented to produce 
alpha amylase enzyme in Solid State Fermentation using agricultural residue such as potato 
waste and cassava waste. Parameters were optimized to analyze the best data for optimum 
enzyme production by fermentation and optimum enzymatic activity.  Thus, the main 
objectives of the study were; 
1) To discover the Aspergillus spp. NSH9 characteristic to produce alpha amylase 
enzymes. 
2) To investigate the best optimization parameter to produce alpha amylase enzymes. 
3) To characterize the activity and kinetic of alpha amylase enzyme from Aspergillus 





2.0 LITERATURE REVIEW 
2.1 Aspergillus spp. strain 
Aspergillus species can produce large variety of extracellular enzymes which 
mostly hydrolytics enzymes such as cellulose, xylanases, pectinases, amylases and other. 
Production of extracellular enzymes by fungal in nature are very useful since its associate 
with their growth factors. The fungal from the genus Aspergillus spp. are commonly 
known as α-amylase producer in recent studies. Aspergillus spp. is filamentous fungal and 
hyphal mode of growth, which suitable in the Solid State Fermentation (SSF) system. 
Fungal are often to be ubiquitous nature and non-fastidious nutritional requirement (Abu et 
al, 2005, Gupta et al., 2008) make it suitable for the studies. Table 1 below shows, current 
trends of Aspergillus spp in production of alpha amylase.   
Table 1: Recent studies using Aspergillus spp. to produce α-amylase.   
Microorganism  Substrate System Reference 
A. niger Sugarcane baggase SSF Roses & Guerra, 2009 
A. oryzae Coconut oil cake SSF Ramachandran et al.,2004 
A. ocharaceus  Synthetic medium SmF Nahas & Weldemarin, 
2002 
A. clavatus 




A. parasiticus  
A. tamari 
A. flavus 
Wheat bran  











The thermostable α-amylase has great interest in industrial application which 
economizes the process. Thus, there are high desired to search for thermophilic and 
thermostable α-amylase (Sivaramakrisnan et al., 2006).  
2.2 Alpha amylase 
Starch degrading enzyme, alpha amylase or α-amylase (1,4-α-D-glucan 
glucohydrolase, EC 3.2.1.1) is part of amylases family. Different from other class of 
amylases family, α-amylase characterized to reduce the viscosity of starch by breaking 
down the bond at the random, therefore produced varied sized chain of glucose. α-amylase 
are endoamylases that are able to cleaved α-1,4 glycosidic bond inner of the amylose or 
amylopectin chain (Maarel et al., 2002). End product of reaction producing 
oligosaccharides with varying length with an α-configuration and α-limits dextrin which 
constitute branch oligosaccharide (Balkan and Erthan, 2007; Maarel et al., 2002).   
Alpha amylase has great attention because of their technological significant and 
economic benefits (Gupta et al., 2008). Commercially, the enzyme is used for production 
of sugar syrups from starch which consist of glucose, maltose, and higher oligosaccharides. 
Also, it extensively used in starch liquefaction, starch saccharafication, paper industries, 
baking,  foods industries, pharmaceutical, brewing and sizing in textiles industries, 
detergent manufacturing, animal feeds and sugar industries (Kokab et al., 2003, Anto et al., 






Alpha amylase can be found in animal’s saliva or pancreas, plant’s fruits, bacteria 
and molds (Abu et al., 2005; Gupta et al., 2008). However, amylase from bacterial and 
mold source very useful for commercialization and production. Amylolytic enzymes are 
commonly produced by filamentous fungi and the preferred among the species of 
Aspergillus and Rhizopus (Pandey et al., 2000). The fungal origin amylases found more 
stable compared to the bacterial (Duochaun et al., 1997) but the bacterial origin has its 
advantage of thermostability.  
2.3 Substrate 
Substrates act as carbon source to fungi for production of α-amylase. Carbon source 
mentioned above are starches, that functional energy source that stored in plants. Cost in 
enzymes production currently high especially it’s associated with expensive substrate. 
Thus, it’s crucial to replace with economical available such as agricultural by product as an 
alternatively (Anto et al., 2006; Ikram-ul-Haq et al., 2003).     
As stated by Balkan and Ertan (2007), the critical factors in SSF system is selection 
of a suitable solid substrate which involving the screening of the substrate for growth and 
product formation. Recent publication also had studied several of substrate to be used in 
the SSF systems for examples oil cake, soy meal, spent brewing grain, rice husk, rice 
flakes, cassava starch, sugarcane bagasse, molasses, rice bran, maize meal, millet cereal, 
wheat flakes, barley bran, crushed maize, corncob, crush wheat, wheat straw, wheat bran, 
potato peel and banana peel (Kokab et al., 2003; Ramachandran et al., 2004; Shukla & 
Kar, 2006; Balkan & Ertan, 2007; Pandey et al., 2008; Roses & Guerra, 2009). According 
to Pandey et al. (2008) the best substrate producing α-amylase are wheat bran residue. 
Ramachandran et al. (2004) also suggested mixed substrate may increase the efficiency of 
the fermentation.   
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It is important to know the substrate characteristic since substrate itself is the 
important factors that influence the susceptibility of microorganism to consume the 
substrate as energy source and simultaneously, produce desired products. Knowledgeable 
in product processing is the hint for study the substrates characteristics and feasibility in 
the future application.   
2.3.1 Cassava 
 
Figure 1: Illustration cassava tree (left) (http:// en.wikipedia.org/wiki/Cassava) and cassava tuber (right). 
 
Table 2: Scientific classification of cassava (http:// en.wikipedia.org/wiki/Cassava)   
Scientific classification 
Kingdom:  Plantae 
Division:  Magnoliophyta 
Class:  Magnoliopsida 
Order:  Malpighiales 
Family:  Euphorbiaceae 
Subfamily:  Crotonoideae 
Tribe:  Manihoteae 
Genus:  Manihot 
Species:  M. esculenta 
Binomial name Manihot esculenta 
 
Cassava (Manihot esculenta) with the local name “ubi kayu” is shrubby, perennial 
plant that belongs to Euphorbiaceae family. Cassava is the world’s 6
th
 important food 
crops and also, basic food in several developing countries. 
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Growth in tropical and subtropical geography part of the world, cassava can reach 
15 feet tall with leaves varies in shape and size. The economical value part of this crop is 
the edible tuberous root and also, leaves. Each cassava plant may have 5-20 tubers, and 
each tuber may reach about 20-80cm in length and 5-10cm diameter. The weight of the 
tuber varies from 100 grams to 5 kilograms.  
Tuberous root of cassava is starchy which a major source of carbohydrates. Cassava 
are rich in starch contain, but poor protein contain. The tuber are long tapered has outer 
dark brown peel and inner peel protective layer to covered the homogenous flesh that rich 
in starch. The flesh can be chalk-white or yellowish in color. Below showed the 
composition of cassava substrate that may related to cassava waste composition.   








2.3.2 Industrial Cassava Starch Processing 
Industrial cassava usage may include food production, animal feeds and other 
industrial production. In most cassava tubers (cassava roots) processing is to produce flour 
(farinha) and starch extraction. Residues generated in cassava processing can be divided 
into two, solid waste which generates during isolation of flour and liquid wastes in starch 
production.  
 
Figure 2: Industrial starch processing cassava (Pandey et al., 2004). Solid wastes are generated in form of 
cassava bagasse after screening process which beneficial for enzyme production. 280 tonnes per day is large 






2.3.3 Cassava waste 
Solid waste mostly are generated in flour making process are known to be peeling 
waste (brown peel and or inner peel), discard (unusable roots), crude bran (root and inner 
peel residue), bran or bagasse and flour refuse. Industrial processing of 250-300 tons of 
cassava produces about 1.6 tons of solid peels and about 280 baggase with high moisture 
contain (85%), and while, Liquid waste or wastewater would consist of 1% solid residue. 
Commonly, the solid wastes are discarded to the environment or landfill and cause 
pollution.  
Cassava bran or bagasse contained fibrous material and contained a little starch that 
physically could not be extracted. The bran residue has high moisture contain about 75% 
and industrial need to make partial drying with difference technology used. Some industry 
also prefer sun-dry method but uncommon. Normally, the residue is used as fertilizer and 
feedstock as alternative. Starch content of cassava bagasse about 50% based on dry weight 
basis showed in Table 4.   
Table 4: Physio-chemical of cassava bagasse. (g/100g dry wt) (Pandey et al., 2004).  
 
Low composition of ashes in cassava bagasse is advantages over other agricultural 
residue for usage of bioconversion process using microbial. As the cassava also known for 
“climate change plant”, the cassava bagasse is rich in solar energy reservoir due its easy 
regeneration capacity.   
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2.3.4 Potato  
 
Figure 3: Potato (Solanum tuberosum) 
 
Table 5: Scientific classification of potato (http:// en.wikipedia.org/wiki/Potato)   
Kingdom:  Plantae 
Order:  Solanales 
Family:  Solanaceae 
Genus:  Solanum 
Species:  S. tuberosum 
Binomial name Solanum tuberosum 
 
Potato, Solanum tuberosum family of Solanaceae are enormously known as global 
diet. It is the fourth world’s largest food crop and the world’s main starch source. Potato 
plant is flowering herbaceous perennial plant that can produce tuber within the soil called 
potato. Potatoes grow in most temperate countries, where the environments are cool and 
moist. Potato industry are mainly used in production of food such as fast food, french fries, 
chips, snacks, starch flour as well as starch itself. 80% of potato mass are water while and 
20% are the component. Main component of the potato tubers is starch which consist 80% 





2.3.5 Potato industrial starch processing  
In potato processing or potato milling in manufacture of potato starch, there are 
three component of potato, pulp (consist of cell wall, skin material etc.), potato juice (all 
soluble components) and starch grains. The solid wastes are mainly made up of pulp waste 
and potato juice becomes the waste water.  
 
Figure 4: Industrial potato starch process flow. Adapted from Peter (1972), solid wastes are generated from 
screening step of processing in form of pulp or bran. 
 
Solid waste (pulp or bran) is obtained after process of washing, followed by 
grinding which potatoes washed are disintegrated with rasps resulting starch milk are 
produced. Starch milk then undergoes screening step where pulp are separated by 
centrifugation and filtration. Lastly, 45% waste obtained from previous process readily to 
be dried to produce solid waste. Purification rate of the process is about 95-98% which 




Table 6: Composition of potato and comparison with other variation of starch crop. (Rakshit, 2004). Physio-
chemical properties of potato that may determine potato waste composition.  
 
 
2.4 Fermentation System  
Solid State Fermentation (SSF) enzymes production has more advantage over the 
(Submerge Fermentation) SmF due to the simple technique, low capital investment, lower 
levels of catabolite repression and better product recovery (Baysal et al.,2003). According 
to Pandey et al. (2000), Solid-substrate fermentation (SSF) define as cultivation of 
microorganism on moist solid support that can be used as energy source where the 
fermentation undergoes under absence or near absence of free water which offer natural 
environment where the microorganism can adapt.  
In the application of the SSF, filamentous fungi best adapted inside the system 
compared to bacteria and yeast. Formation of hyphal in the growth of fungi and tolerance 
towards the low water potential and high osmotic pressure increased the efficiency and 
provide competition in natural environment (Raimbault, 1998).  
 
 
 
 
